Coordinated responses to environmental stimuli within the keratinocyte:melanocyte niche are poorly 35 understood. Desmoglein 1 (Dsg1), a keratinocyte-specific desmosomal cell-cell adhesion protein with 36 emerging signaling roles, is reduced by ultraviolet light radiation. Loss-of-function Dsg1 mutations 37 elevate keratinocyte cytokines in Severe dermatitis, multiple Allergies, and Metabolic wasting (SAM) 38 syndrome. We asked whether Dsg1 regulates keratinocyte:melanocyte paracrine communication to 39 induce the tanning response. Dsg1-silenced keratinocytes increased Pro-opiomelanocortin mRNA 40 and cytokine secretion. Melanocytes treated with conditioned media from Dsg1-silenced 41 keratinocytes exhibited increased Mitf and Trp1 mRNA, melanin secretion, and dendrite length. 42
, did not result in significant changes in tested cytokine mRNA levels ( Figure 1B) . 126
To determine which of these altered cytokines were being secreted from KCs, media 127 conditioned days 3-5 (a 48 hour time period) after initiation of differentiation by growth in high 128 calcium medium was collected from KCs infected with NTshRNA or Dsg1shRNA. Dot-blot analysis 129 of 42 targets revealed increased secretion of GRO, CXCL1, IL6, and IL8 in the Dsg1shRNA 130 conditioned media compared to NTshRNA conditioned media ( Figure 1C ). KCs exposed to UV light 131 have been reported to increase secretion of IL6 and IL8 among other cytokines/chemokines (Schwarz 132 and Luger, 1989; Yoshizumi et al., 2008) . Since Dsg1 is downregulated in KCs following UV 133 exposure (Johnson et al., 2014) and its suppression results in increased cytokine/chemokine secretion, 134
we hypothesized that Dsg1 may play a role in coordinating the skin's paracrine response to 135 environmental insults. 136
Exposure to Dsg1-deficient KC conditioned media increases MC pigment secretion through classic 137 ligand-dependent mechanisms. 138
Since induction of pigment production and secretion in MCs is a crucial protective response in 139 the epidermis that can be regulated by paracrine signaling (Serre et al., 2018; Yuan and Jin, 2018 ), 140 we next tested MC pigment secretion following incubation with conditioned media from KCs with 141 normal or suppressed Dsg1 expression. MCs were grown for 7 days in a 1:1 mixture of MC media 142 and media conditioned by KCs days 3-5 after initiation of differentiation. Fresh 1:1 mixture was 143 added to the culture every 2 days (none of the previously depleted media was removed). On day 7, 144 media was harvested and melanin secretion was analyzed by testing absorbance at 405nm (Laskin et 145 al., 1982) . Conditioned media from Dsg1-deficient KCs increased MC pigment secretion compared 146 to control media or media from KCs with restored Dsg1FL (Figure 2A ). As shown in the images 147 below the graph (Figure 2A ), there was notable clonal variability in coloration of pigment secretion, 148 but all tested MC clones responded to incubation with Dsg1-deficient conditioned media by 149 increasing pigment secretion (Compiled data presented in Supplemental Figure 1 ). 150
To determine whether classical inducers of pigment production and secretion were induced in 151
KCs upon Dsg1 silencing, we tested for mRNA expression levels of Pro-opiomelanocortin (POMC 152 -precursor for the melanocortin 1 receptor [MC1R] ligand α-MSH), KITL, and ET1. POMC was 153 increased upon Dsg1 suppression in KCs while KITL was not ( Figure 2B ). ET1 was highly variable 154 (data not shown). We tested induction of Mitf and Trp1 in MCs treated with conditioned media, 155 finding both to be elevated in MCs incubated with conditioned media deficient in Dsg1 ( Figure 2C ).
When MCs were incubated with human beta defensin 3 (BD3) to inhibit MC1R (Swope et al., 2012; 157 Wolf Horrell et al., 2016) , pigment induction was inhibited downstream of Dsg1-deficient 158 conditioned media ( Figure 2D ). Together these results indicate that reduction of Dsg1 in KCs results 159 in induction of the classical pigment production pathways in MCs dependent upon paracrine signaling 160 from KCs. 161 NTshRNA or Dsg1FL-conditioned media ( Figure 3A ), similar to the response seen following UV 169 exposure and an important determinant of the number of KCs that a MC can interact with in normal 170 skin (Lopez et al., 2015; Weiner et al., 2014) . However, 7 days of exposure to Dsg1-deficient KC 171 conditioned media resulted in shortening of MC dendrites ( Figure 3A lower). 172
Dsg1-deficient KCs change MC dendricity, partially dependent upon cytokine/chemokine
We tested whether the cytokines secreted from KCs upon Dsg1 suppression were involved in 173 the observed changes in MC dendricity. We inhibited the CXCL1/IL8 receptor (CXCR2) using 174
Reparixin, which inhibited the increase in MC dendrite length at the 12 hour time point upon exposure 175
to Dsg1-deficient conditioned media ( Figure 3B ). We also queried whether recombinant IL6, IL8, or 176 a combination of the 2 added into base MC media for either 12 hours or 7 days were sufficient to 177 impact dendrite length. While neither individual cytokine was sufficient to alter dendrite length at the 178 12 hour time point, MC dendrites significantly lengthened in the presence of IL6, but not IL8 after 179 incubation for 7 days ( Figure 3C ). This observation is consistent with the possibility that individual 180 cytokines contribute to MC dendrite length changes, but are not sufficient to recapitulate the time course and/or signal propagation stimulated by the complete Dsg1-deficient conditioned media. This 182 may indicate that multiple paracrine factors are required to elicit the MC dendrite changes observed 183 upon addition of Dsg1-deficient conditioned media. Together these data indicate that 184 cytokine/chemokine signaling is at least partially responsible for altering MC dendrite length 185 downstream of Dsg1 suppression. 186
MCs are mislocalized within the 3D skin structure when KC Dsg1 is reduced. 187
The 3D architecture of the skin is an important contributor to how signals are propagated 188 throughout the tissue and represents a complex integration of multiple signaling and adhesive cues 189 that differ from when cells are grown in 2D culture (Li et al., 2011) . We assessed whether reduction MC dendrites are crucial for mediating the tanning response following UV exposure since 242 they are the vehicle through which melanosomes are transferred to multiple KCs (Gilchrest et al., 243 1996) . We showed that factors present in Dsg1-deficient conditioned media can signal to MCs to alter 244 dendrite length. UV exposed KCs increase secretion of IL6 and IL8, similar to our findings of 245 cytokine secretion downstream of Dsg1 suppression (Schwarz and Luger, 1989; Yoshizumi et al., 246 2008) . We showed that IL6 and the IL8/CXCL1 receptor (CXCR2) both impact melanocyte 247 dendricity downstream of Dsg1. However, addition of IL6 or inhibition of CXCR2 were both 248 insufficient to recapitulate the precise effects and timeline of complete Dsg1-deficient KC media. 249
Therefore, further studies are needed to elucidate the roles of these and other cytokines and 250 chemokines in regulating the dendrite morphology of MCs downstream of Dsg1. with the addition of the following steps: the collagen plug was coated with extracellular matrix 309 using 804G supernatant (Langhofer et al., 1993) . MCs were seeded onto the collagen plug Sigma-Aldrich) at a final concentration of 5 ng/µl at room temperature for 2 minutes followed by 320 washing in PBS and water. Cover slips were mounted on the sections with ProLong Gold Antifade 321
Reagent (Invitrogen, Life Technologies). 322
For whole mount imaging: Six days after lifting to the air-liquid interface, the epidermal equivalent 323 layer was removed from the collagen plug and fixed in 4% paraformaldehyde in PBS for 15 min on 324 ice. Samples were then washed three times in PBS for 5 min each at room temperature. 325
Subsequently, samples were incubated in blocking buffer (1% Triton-X 100 with 5% goat serum in 326 PBS) for 1 hr at 37°C followed by incubation overnight at 37°C with S100 (ab52642, anti-S100 327 beta; Abcam, Cambridge, UK) diluted at 1:100 in blocking buffer. Samples were washed 3 times 328 for 10 min each with PBS at room temperature and then incubated overnight at 37°C with Alexa µg/ml). Samples were washed 3 times for 10 min each with PBS at room temperature and mounted 331 onto glass slides with Prolong Gold Antifade Reagent. 332
Preparation of conditioned media from KCs 333
KCs infected at 20% confluence with LZRS-miR Dsg1, LZRS-NTshRNA, LZRS-Flag Dsg1, and 334 LZRS-Dsg1∆381 were grown to 80% confluence, expanded to 3 10 cm dishes, and grown to 335 confluence. At confluence, cells were switched to high calcium medium and cultured for 3 days 336 before refreshing the medium. On day 3 the medium was refreshed with new high calcium medium 337 and harvested on day 5 (day 3-5 conditioned medium). This day 3-5 conditioned media 338 (conditioned for a 48 hour time period) was used in all assays. All conditioned media was stored at -339 20 o C in aliquots until needed for an experiment. 340
DNA constructs 341
LZRS-miR Dsg1 (Dsg1shRNA), LZRS-Flag Dsg1, and LZRS-Dsg1∆381 were generated as 342 described by (Getsios et al., 2009 ) and (Simpson et al., 2010a) . LZRS -NTshRNA was generated as 343 described in (Getsios et al., 2004) with the following sequences inserted: NTshRNA1-fwd 5' -344
GTATCTCTTCATAGCCTTAaa -3' and NTshRNA1-rev 5' -ttTAAGGCTATGAAGAGATAC -345 3'. 346
Antibodies and reagents 347
The mouse monoclonal antibodies used were as follows: P124 (anti-Dsg1 extracellular domain; 348
Progen, Heidelberg, Germany), 27B2 (anti-Dsg1 cytodomain; Life Technologies), and HMB45 349 (Melanoma gp100 antibody; Thermo Fisher Scientific). The rabbit monoclonal antibody EP1576Y 350 (ab52642, anti-S100 beta; Abcam, Cambridge, UK) was used. Rabbit polyclonal antibodies used 351 were: HECD1 (anti-E-cadherin; Takara, Kyoto, Japan), Flag (Cell Signaling Technologies), Anti-352
MelanA (ab15468), and GAPDH (G9545, glyceraldehyde-3-phosphate dehydrogenase; Sigma-353 Aldrich). Secondary antibodies for immunoblotting were goat anti-mouse and goat anti-rabbit 354 peroxidase (Rockland; KPL, Gaithersburg, MD). Secondary antibodies for immunofluorescence were 355 goat anti-mouse and goat-anti-rabbit linked to fluorophores of 488 and 568 nm (Alexa Fluor; Life 356 Technologies). DAPI was used to stain nuclei. 357
Western blot analysis of proteins 358
Whole cell lysates were collected from confluent monolayers in urea-SDS buffer (8 M urea/1% 359 SDS/60 mM Tris (pH 6.8)/5% ß-mercaptoethanol/10% glycerol) and sonicated. Samples separated 360 by SDS-PAGE were transferred to nitrocellulose, blocked in 5% milk/PBS, and incubated with 361 primary antibodies in milk for 1 hour at room temperature or overnight at 4°C. After a series of PBS 362 washes, secondary antibodies diluted in milk were added to blots. Protein bands were visualized 363 using exposure to X-ray film. Densitometric analyses were performed of scanned immunoblots 364 using ImageJ software. 365
Dot Blot Analysis of Cytokines 366
Conditioned media from KCs (day 3-5 conditioned media) was concentrated 5x by centrifugation 367 
Fluorescence intensity of cell-cell borders 394
For each image, background intensity was defined as the average of three mean pixel intensity 395 measurements from an image without fluorescence. Fluorescence pixel intensity at random KC 396 borders surrounding a MC or a cluster of MCs was determined by measuring the mean pixel intensity 397 at a defined border and dividing by the border length. 398
Quantification of dendrite length 399
MCs were grown to 75% confluence in MC media and subsequently switched to a 1:1 ratio of KC 400 conditioned media or continued to be grown in MC media alone. Cells were incubated overnight 401 (12hrs) or for 7 days before being fixed in 4% paraformaldehyde (Sigma-Aldrich) in PBS for 10 402 minutes. Wide-field images were used to visualize MC dendrites following incubation. Dendrite 403 parameters were quantified with Fiji software (NIH). Dendrites were defined as extensions 404 originating from the cell body that did not exhibit a lamellar morphology. Dendrite length was 405 measured from cell body to the tip of the dendrite (in µm). When applicable, Reparixin (Moriconi et 406 al., 2007) (Cayman Chemical, Ann Arbor, MI) was added to media at a final concentration of 5 µg/ml 407 media. Recombinant IL6 and IL8 (Abcam) were added to media at final concentrations of 0.2 ng/ml 408 and 25 ng/ml, respectively. 409
Quantification of melanin secretion 410
MCs were grown to confluence in MC media and subsequently switched to a 1:1 ratio of KC 411 conditioned media or media alone with fresh media added to existing media every 2 days up to 7 412 days. After 7 days, media was collected and subjected to centrifugation at 11,000 rpm for 1 minute. 413 test. For comparisons of more than two groups, One-way ANOVA on ranks (Kruskal-Wallis) was 428 used, followed by Tukey or Dunn's multiple comparisons test. All analysis was performed using 
